Many oxidative stress related diseases like cancer, diabetes, neurodegenerative disorders and cardiovascular diseases are occurring as a result of accumulation of free radicals in the body. Lots of researches are going on worldwide towards finding natural antioxidants of plant source. In the present study, the antioxidant activity of methanol extract of Alpinia malaccensis leaf was investigated using various in vitro methods. 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS), nitric oxide (NO) and H 2 O 2 radical scavenging assays as well as total phenolic content (TPC) of the extract was determined at different concentrations (10 to 500 μg/ml). The results indicated that the IC 50 values of methanol extract of A. malaccensis were 22.5 μg/ml in DPPH, 72.38 μg/ml in NO, 26.23 μg/ml in ABTS and 80 μg/ml in H 2 O 2 radical scavenging assay, respectively. The highest free radical scavenging activity of the leaf extract was observed at the concentration of 500 μg/ml. Furthermore, the TPC of the methanol extract of A. malaccensis was found to be 76.25 mg gallic acid equivalent (GAE)/g of extract. The results suggest that A. malaccensis has promising antioxidant activity and could serve as potential source of natural antioxidants.
INTRODUCTION
Since time immemorial, plants and plant parts are being used as a source of medicine. In recent years, various species of plants have been used in preparation of drugs and consumed due to the presence of high antioxidant activities. The extracts of medicinal plants and natural products have become a great source of antioxidant and anti-ageing properties (Sumazian et al., 2010) . Many human diseases are caused by oxidative stress that results from imbalance between the formation and neutralization of pro-oxidants (Hazra et al., 2008) .
Ultraviolet light, ionizing radiation, chemical reactions and metabolic processes can induce the production of reactive oxygen species (ROS) in the cells. ROS includes free radicals. Free radicals can initiate the oxidation of bio molecules, such as protein, lipid, amino acids and DNA *Corresponding author. E-mail: sanghamitran24@gmail.com. Tel: 09437061976.
which will lead to cell injury and can induce numerous diseases including cardiovascular disease, ageing, cancer, atherosclerosis and a variety of other disorders (Hsu et al., 2007) . Phenolics have been known to possess a capacity to scavenge free radicals. The antioxidant activity of phenolics is principally due to their redox properties, which allow them to act as reducing agents, hydrogen donors. Phenolics are especially common in leaves, flowering tissues and woody parts, such as stems and barks. Studies have shown that they play an important preventive role in the development of cancer, heart diseases and ageing related diseases (Larson, 1988) .
The importance of the antioxidant constituents of plant materials in the maintenance of health and protection from diseases has intrigued scientist for a long time. There is a list of ongoing research on such plants for their potential usefulness as dietary supplements and as adjuvant for use in prevention of disease (Cross et al., 1987) .
Alpinia malaccensis is a perennial medicinal plant belonging to the family Zingiberaceae and native of Indonesia and Malaysia. It is called "Kha Pa" in Thailand and "Ring Malacca" in Vietnam. A. malaccensis is cultivated as an ornament in Bangladesh, Bhutan, India, Indonesia, Malaysia, Myanmar and Thiland. This beautiful tropical plant is becoming a popular house plant as well as a landscape plant. A. malaccensis is used to cure wounds and sores (pounded rhizome), it is chewed together with betel nut to make the voice strong and clear (rhizome), it is applied on gastralgia with tympanites (decoction of fruit or the crushed seed) and it is used for bathing feverish people (Smith, 1990; Kress et al., 2005; Bhuiyan et al., 2010) . Although, the leaves of ginger species have been used for food, flavouring and in traditional medicine, of which very little research has been done on their antioxidant properties (Chan et al., 2008) . The present study deals with initial phytochemical screening, evalution of the antioxidant activity and total phenolic contents (TPC) of leaf extract of A. malaccensis.
MATERIALS AND METHODS

Plant
The rhizomes of A. malaccensis were collected from Phulbani district of Orissa in the month of July, 2010 and the specimen was authenticated by Dr. P. C. Panda, Senior Scientist, Taxonomy and Conservation Division, Regional Plant Resource Centre, Bhubaneswar. The collected rhizomes were planted in the greenhouse of the Centre of Biotechnology, and after one and half years of complete growth, the leaves were taken from these plants, chopped into pieces and dried under shade for 15 to 20 days.
Preparation of extract
The shaded dried leaves were ground to coarse powder. The resulting materials were extracted with methanol for 24 h. The methanol extract was filtered and then concentrated by using rotary evaporator to yield a semisolid mass (15.96% w/w). The residue obtained was stored in refrigerator for further study.
Preliminary phytochemical screening
The leaf extract of A. malaccensis was subjected to different chemical tests for the detection of phytoconstituents, such as carbohydrates, glycosides, alkaloids, amino acids, phenolics, flavonoids, triterpenoids, steroids, etc.
Determination of TPC
TPC of methanol extract of A. malaccensis was determined by Folin-Ciocalteu method (Singleton et al., 1999; Stanly et al., 2011) with little modifications, using gallic acid as a standard phenolic compound. The extracts were diluted with distilled water to a known concentration in order to obtain the readings within the standard curve range of 0.0 to 600 µg of gallic acid/ml. 250 µl of diluted extract or gallic acid solution was mixed with 1 ml of distilled water in a test tube followed by the addition of 250 µl of Folin-Ciocalteu reagent. The samples were mixed well and then allowed to stand Sahoo et al. 4033 for 5 min at room temperature in order to allow complete reaction with the Folin-Ciocalteu reagent. Then, 2.5 ml of 7% sodium carbonate aqueous solution was added and the final volume was made up to 6 ml with distilled water. The absorbance of the resulting blue colour solution was measured at 760 nm using spectrophotometer after incubating the samples for 90 min. The result was expressed as mg of gallic acid equivalents (GAE)/g of extract by using an equation that was obtained from standard gallic acid graph. All the experiment was conducted in three replicates.
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay
DPPH assay was carried out as described by Hsu et al. (2007) with some modifications. 1.5 ml of 0.1 mM DPPH solution was mixed with 1.5 ml of various concentrations (10 to 500 µg/ml) of leaf extract. The mixture was shaken vigorously and incubated at room temperature for 30 min in the dark. The reduction of the DPPH free radical was measured by reading the absorbance at 517 nm by a spectrophotometer. The solution without any extract and with DPPH and methanol was used as control. The experiment was replicated in three independent assays. Ascorbic acid was used as positive controls. Inhibition of DPPH free radical in percentage was calculated by the formula:
Where Acontrol is the absorbance of the control (solution without extract) and Atest is the absorbance of samples (extract and ascorbic acid). The antioxidant activity of each sample was expressed in terms of IC50 (micromolar concentration required to inhibit DPPH radical formation by 50%), and was calculated from the graph after plotting inhibition percentage against extract concentration.
2,2-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical scavenging assay
To determine ABTS radical scavenging assay, the method of Re et al. (1999) was adopted. The stock solutions included 7 mM ABTS solution and 2.4 mM potassium persulfate solution. The working solution was then prepared by mixing the two stock solutions in equal quantities and allowing them to react for 12 h at room temperature in the dark. The resulting solution was then diluted by mixing 1 ml of freshly prepared ABTS solution to obtain an absorbance of 0.706 ± 0.001 units at 734 nm using the spectrophotometer. Fresh ABTS solution was prepared for each assay. Plant extracts (1 ml) were allowed to react with 2.5 ml of the ABTS solution and the absorbance was taken at 734 nm after 7 min using the spectrophotometer. The ABTS scavenging capacity of the extract was compared with that of butylated hydroxytoluene (BHT) and percentage inhibition calculated as:
Where Acontrol is the absorbance of ABTS radical + methanol; Atest is the absorbance of ABTS radical + sample extract/standard.
Nitric oxide (NO) scavenging activity
NO was generated from sodium nitroprusside (SNP) and was measured by the Griess reagent. SNP in aqueous solution at physiological pH spontaneously generates NO (Marcocci et al., 1994) , which interacts with oxygen to produce nitric ions that can be estimated by using Greiss reagent. Scavengers of NO compete with oxygen leading to reduced production of NO. SNP (10 mM) in phosphate buffer saline (PBS) was mixed with different concentrations of the extract and incubated at 25°C for 150 min. The samples were added to Greiss reagent (1% sulphanilamide, 2% H3PO4 and 0.1% napthylethylenediamine dihydrochloride). The absorbance of the chromophore formed during the diazotization of nitrite with sulphanilamide and subsequent coupling with napthylethylenediamine was read at 546 nm and referred to the absorbance of standard solutions of ascorbic acid treated in the same way with Griess reagent as a positive control. All the tests were performed in triplicate and the graph was plotted with the mean values. The percentage of inhibition was measured by the following formula:
Where Acontrol is the absorbance of the control (without extract) and Atest is the absorbance in the presence of the extract/standard.
Hydrogen peroxide scavenging activity
Scavenging activity of hydrogen peroxide by the plant extract was estimated using the method of Ruch et al. (1989) with little modification. 4 mM solution of H2O2 was prepared in PBS (pH 7.4). Plant extract (4 ml), prepared in distilled water at various concentration was mixed with 0.6 ml of 4 mM H2O2 solution prepared in phosphate buffer saline and was incubated for 10 min. The absorbance of the solution was taken at 230 nm against a blank solution containing the plant extract in PBS without H2O2. Ascorbic acid was used as positive control. The amount of hydrogen peroxide radical inhibited by the extract was calculated using the following equation:
Where Acontrol is the absorbance of H2O2 radical + methanol; Atest is the absorbance of H2O2 radical+ sample extract or standard.
RESULTS AND DISCUSSION
Phytochemical screening
Preliminary phytochemical screening of the A. malaccensis leaf extract revealed the presence of different phytoconstituents which are represented in Table 1 .
Total phenolic content (TPC)
Over the years, the study on medicinal plants to reveal the mechanism of action and to justify their claims by traditional healers has been increased. Phenolics are the most widespread secondary metabolite in plant kingdom. These diverse groups of compounds have received much attention as potential natural antioxidant in terms of their ability to act as radical scavengers. In our study, TPC of A. malaccensis leaf extract was estimated by using modified Folin-Ciocalteu calorimetric method and represented in terms of GAE. It was calculated using the standard curve of gallic acid as shown in Figure 1 (Standard curve equation: Y = 0.004x+0.063, R 2 = 0.998). TPC of the leaf extract of A. malaccensis was found to be 76.25 mg GAE/g of the extract. It has been reported that the antioxidant activity of phenol is mainly due to their redox properties, hydrogen donors and singlet oxygen quenchers (Rice-Evans et al., 1995) . Phenolic compounds are important plant antioxidants which exhibited considerable scavenging activity against radicals. Thus, antioxidant capacity of a sample can be attributed mainly to its phenolic compounds (Zheng and Wang, 2003; Chinnici et al., 2004; Huang et al., 2009) . Phenolic compounds are effective hydrogen donors, making them good antioxidants (Rice-Evans et al., 1995) . Similarly, Shahidi and Naczk reported that naturally occurring phenolics exhibit antioxidant activity (Shahidi and Naczk, 1995) . Thus, we can conclude that the antioxidant potential of the leaf extract of A. malaccensis may be possibly attributed to the presence of phenolic compounds in it.
DPPH radical scavenging activity
DPPH stable free radical method is an easy, rapid and sensitive way to survey the antioxidant activity of a specific compound or plant extracts (Blois, 1958) . In the present study, the extract showed significant DPPH radical inhibiting activity at a concentration of 500 μg/ml. Figure 2 shows the dose response curve of DPPH radical scavenging activity of A. malaccensis when compared with standard ascorbic acid. It was observed that the extract had DPPH scavenging activity with IC 50 value of 22.5 μg/ml, while the IC 50 value of the standard antioxidant ascorbic acid was 6.58 μg/ml. The DPPH activity of A. malaccensis was found to be increasing in dose dependent manner. The extract showed an inhibition in free radical production, almost an equipotent effect with standard antioxidant ascorbic acid. DPPH is a stable free radical which produces deep purple colour in methanol. The principle of this assay is based on the reduction of purple coloured methanolic DPPH solution in the presence of hydrogen donating antioxidants by the formation of yellow coloured diphenyl-picryl hydrazine. As the absorbance decreases, the more efficient is the antioxidant activity of the extract in terms of hydrogen atom donating capacity. DPPH free radical scavenging assay is more indirect assay, because DPPH assay measures the inhibition of reactive species (free radicals) generated in the reaction mixture and these results depend on the type of reactive species used (Cao et al., 1996) . The observed antioxidant of the extracts may be due to the neutralization of free radicals (DPPH), either by transfer of hydrogen atom or by transfer of an electron (Naik et al., 2003) . The scavenging effect can be attributed to the presence of active phytoconstituents in them. 
ABTS radical scavenging activity
The leaf extract of A. malaccensis were fast and effective scavengers of the ABTS radical (Figure 3) . The extract exhibited potent scavenging effects against ABTS with an IC 50 value of 26.23 μg/ml, which is almost equivalent to that of standard BHT (IC 50 value 19.47 μg/ml). The plant extract showed higher inhibitory activity in removing ABTS radicals from the reaction system at 100 μg/ml. The ABTS assay is based on the inhibition of the absorbance of radical cation, ABTS + , which has a characteristic wavelength at 734 nm, by antioxidants. The principle behind the technique involves the reaction between ABTS and potassium per sulphate to produce the ABTS radical cation (ABTS + ) which is a blue green chromogen. In the presence of antioxidant reductant, the coloured radical is converted back to colourless ABTS (Sreejayan et al., 1996) . ABTS decolorization is a system from potassium per sulfate and ABTS. Thus Figure 4 , the extract demonstrated hydrogen peroxide decomposition activity in a concentration dependent manner. Scavenging activity of H 2 O 2 by the extract may be attributed to their phenolics, which can donate electrons to H 2 O 2 thereby neutralizing it into water (Mathew and Abraham, 2006) . Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes directly, usually by oxidation of essential thiol (-SH) groups. It rapidly transverses cell membrane and once inside the cell interior, H 2 O 2 can probably react with Fe 2+ and possibly Cu 2+ ions to form hydroxyl radical and this may be the origin of many of its toxic effects (ContrerasGuzman and Strong, 1982) . Thus, the removal of H 2 O 2 is very important for antioxidant defence in cell or food systems. radical due to scavenging ability of the extract and the standard ascorbic acid. The leave extract showed maximum activity of 80.54% at 500 μg/ml, whereas ascorbic acid at the same concentration exhibited 87.46% inhibition. NO is a potent pleiotropic inhibitor of physiological process, such as smooth muscle relaxation, neural signalling, inhibition of platelet aggregation and regulation of cell mediated toxicity. It is a diffusible free radical that plays many roles as an effectors molecule in diverse biological systems including neuronal messenger, vasodilation and antimicrobial and antitumor activities (Hagerman et al., 1998) . NO is implicated in diseases, such as cancer and inflammation (Miller et al., 1993) . NO is a reactive free radical generated from SNP in aqueous solution at physiological pH and reacts with oxygen to form nitrite. Suppression of released NO may be partially attributed to direct NO scavenging, as the extracts of A. malaccensis decreased the amount of nitrite generated from the decomposition of SNP in vitro. The scavenging of NO by the extract was increased in dose dependent manner.
NO scavenging assay
Conclusion
In this study, the antioxidant potential of A. malaccensis leaf extract was evaluated based on DPPH, ABTS, NO and H 2 O 2 radical scavenging activities and total phenolic assay. The result of the present study revealed that the leaf extract exhibited best antioxidant activity. It was observed that the leaf extract contained high level of phenolic content that might have accounted for the strong activity observed against ABTS and DPPH radicals. Despite the widespread use of A. malaccensis as folk medicines, literature contains few reports on its antioxidant activity. In the present experiment, we conceded a systematic record on the relative free radical scavenging activity in methanolic leaf extract. The finding of this study suggests that A. malaccensis leaves could be a potential source of natural antioxidant that could have great importance as therapeutic agents in preventing or slowing the progress of ageing and age associated oxidative stress related degenerative diseases. Further investigation on the isolation and characterization of the antioxidant constituents is however required.
